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PUBLISHERS' PREFACE. 



This collection of wood-engravings, made under the 
direction of Professor George J. Romanes, illustrates 
his view of the theory of organic evolution. We here 
survey at a glance a number of instructive facts, so 
arranged that we can understand the truth of Darwin- 
ism as it were by intuition. 

Most of the illustrations are new and original : they 
have been drawn by artists under the personal super- 
vision of Professor Romanes. Others have been added 
from different sources, and Professor Romanes has 
taken pains to incorporate into this collection the most 
valuable and instructive drawings he could find. 






PREFACE. 



Several years ago Lord Rosebery founded, in the 
University of Edinburgh, a lectureship on *'The Phi- 
losophy of Natural History," and I was invited by the 
Senatus to deliver the lectures. I accepted the invi- 
tation, and subsequently constituted the material of 
my lectures the foundation of another course, which 
was given in the Royal Institution, under the title 
** Before and after Darwin." Here the course extended 
over three years — namely from 1888 to 1890. The lec- 
tures for 1888 were devoted to the history of biology 
from the earliest recorded times till the publication of 
the '' Origin of Species " in 1859 ; the lectures for 1889 
dealt with the theory of organic evolution up to the 
date of Mr. Darwin's death, in 1882 ; while those of 
the third year discussed the further developments of 
this theory from that date till the close of the course 
in 1890. 

It is from these two courses — which resembled each 
other in comprising between thirty and forty lectures, 
but differed largely in other respects — that a special 
treatise has grown which is soon to be published under 
the title '^Darwin and after Darwin." The present 
engravings were collected for this special purpose and 
their detailed explanation will be found in the forth- 
coming book. 



My obligations to the Senatus of the University 
of Edinburgh, and to the Board of Management of 
the Royal Institution, have already been virtually 
expressed ; but I should like to take this opportunity 
of also expressing my obligations to the students who 
attended the lectures in the University of Edinburgh. 
For alike in respect of their large numbers, their keen 
intelligence, and their generous sympathy, the mem- 
bers of that voluntary class yielded a degree of stimu- 
lating encouragement, without which the labor of pre- 
paring the original lectures could not have been at- 
tended with the interest and the satisfaction that I 
found in it. 

My thanks are also due to Mr. R. E. Holding for 
the painstaking manner in which he has assisted me in 
executing most of the original drawings of the present 
collection. 

Lastly I must mention that I am indebted to Pro- 
fessors Le Conte, Cope, Heilprin, Marsh, Mr. and Mrs. 
Peckham, and the widow of the late Prof. Leidy, for 
kindly allowing me to use a number of their illustra- 
tions, not only in my English edition of ** Darwin and 
After Darwin " but also in American publications. 

Christ Church, Oxford, G. J. R. 

April i^thy 1892. 
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Via. I, — Successive forms of Paludba, from the Tertiary deposits 
of Slavonia (after Neumayr), 
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Fig. 5. — Wing of Reptile, Mammal, and Bird. Dran-ii fro 
{Bnl. Mus-) 



Fk;. 6. — Skeleton of Dinorsis gravis. -^ nat. size. Drawn from 
lature (Brit. Mils.) As separate cuts on a largei scale are shown, 
tst, the sternum, as this appears in mounted skeletons, and, 2nd, the 
iame in profile, with its (hypothetical) scapulo coracoid aiiached. 
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Fig, 8.— kiidimcntary or vestigial hind lioiba of Pyihon, as exhib- 
ited in the >kelelon and on the exiernat surface of the animal. Drawn 
from nature, J nal. »Ue {Zivlnsiral Ca:;/,iis). 
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Fir., g —Aplcryx Auslralis. Drawn from life in Ihe Zoological 
Gardens j nai size. 1'he external wing is drawn to a scale in Ibe 
upper part of the cut. 'J'he ^surroundings are aupplied from the most 
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\ Fig. io.-IlluBlrations of the iiictitating membrane in the various animals 

\' named, drawn from nature. The letter^ indicates the mejnbrane In each 

' case. In man it is called the pUfit jwmiluHuii>, and is represented in the 

\ two lower drawil^ under this name. In the case of the shark (ffajeuij the 

I muscular mechanism is shown as dissected. 



-Rudimentary, or vestigial and useless, mu 
human ear. (From Gnir'i Analomy). 



Flo. 12. — ['arlraiC of a young male gorilla (after liartmanii). 



Fig. 13.— Lower extremities of a youiijf otiUd. Drawn from life, 
when the mobile feet were for a shoit time at rest in a position of 
extreme infleclion. 



Fig. 14 — All intanc Ihree weeks old. supporting its own weight for 
over two minutes. The attitude of the lower limbs, feet, and loes. 
is strikingly simian. Keproduced from an instantaneous pho(0);r3ph, 
kindly given for the purpose by Dr. L. Robinson. 



Fig. 15. — Sicrum of tiorilla comparod wiili [hal of Man, aliowmg 
the ruilimeotary tall bones of each. Dravvn from nature lA'. Coll. 




Fig. i6 — Diagrjmraatic outline of the human embryo when about 
seven weeks old, showing the relations of ihe limbs and tail to the 
trunk (after Allen Thomson), r, tlie radial, and u, the ulnar, border 
of the hand and fore-arm; I, the tibial, and/, the fibular, border of 
the foot and lower leg; »u. ear; i. spinal cord; v, umbilical cord; 
/>. branchial gill slits; c, tail. 



FlC. 17. — Fiont and back view of adult liuman sacrum, showing 
abnormal persiM-nce of vestigial tail-mu-clcB. (The first drawing is 
copied from Prof Watson's paper \nJoarnl. Anal, and Physiol., vol. 
79: the second i? compiled from different specimens). 



Fio. \Z.—ApfiaMx vermiformls in Orang and in Man. Drawn 
from dried inflated specimens in the Cambridge Museum by Mr. 
J. J. Liiter. 11, ilium; Co, colon; C, civcum; \V, a window cut 
in tbe wall of the ccL-cum; xx x, the appendix. 




Fig. 2).-Human ear, moilelled and diawn by Mr. Woolne 
a, the projecting point. 




¥\Q. 21. — F(etus of an Orantj. Exact copy of a photograph, 
showing the foim of the ear at this early stage. 
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'u:. 24. — Molar leelh of 
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Fig. 85. — Perforation ot the hum 
in three species ot Quadrumana 
Man. where it does not normaNy o 
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CAP'JCHIi;. 

\s (supra condyloid foramen) 
Drawn from nature (*• <-'"'/■ 
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Fig. a6. — Antlers of Stag, showing successive addition of biaaches 
e years. Drawn from nature {Brit, Afui.) 



Fic, a?. — Fission of a Pratoioiin. In the left-hand drawing the 
process is represented as having advanced sufficiently far to have 
caused a division and segregation both of the nncleus and the vesicle. 
In the right hand drawing the process is represented as complete. 
H, N, severed nucleus; vc, severed vesicle; ps, pseudopodia; /, 
indigested food. 



Fig, a.— Hydra viridis, partly in section. M, mouth; O, ovary, 
or bud containing female reproductive ceils; T, testis, or bud con- 
taiuing male reproductive cells. In addition to these buds contain- 
ing germinal elements alone, there is another which illustrates the 
process of "gemmation" — i. e. the direct out.growth of a fully 
formed offspring. 



Fig. 2g. — Successive stages in the division o( tlie ovum, or egg ctll. 
of a worm. (Afttr Strasburgerj. <r to rf show the changes taking 
place in the nucleus and surrounding cell contents, which rcsolt in 
the fir^t segmentation of the ovum at e: /and g show a repetition 
of these changes in each of the two resulting cells, leading to the 
second segmentation stage at h. 



Fig. 30 — Ovarian ovum of a Mammal, (<t) magnified and viened 
under pressure, (*) burst by increased pressure, with yolk and 
nucleus escaping : (f) the nucleus more freed from yolk substance. 
(From Quain'i Anatomy, after Allen Thomson). 






FiO. 31.— Amceboid movements ol young ecE-cells. o.Amteboid ovum at Bydra 
(from BaHour. alter Kleinenberg); b. earW ovum oi Toxojmevttei vuTiegalm, 
with pscudopodia-like processes (from Balfour, after Selenka); c, ovum of 
Taropneuitet IMdne. more nearly ripe (from Balfour, Herlwig). Ai to Aj. 
the primitive ^K-ce1l of a Chalk spotiee (Leutvimit ecbintu). In lour succes- 
sive condllions ol motion. Bi to B», ditto of a Hermil-Crab IChondracantnia 
cuniufiu), in eight successive stages (after E. von Beneden). Ci to C^ ditto 
of a Cat. in five successive stages (after Pfluger). D, ditto of Trout; E, ol a 
Hen; F, ol Man. The first series is taken from the Encyct. Bril.: the second 
fromHllckel's£iiolutioRO/Jfa>i. 



Fig. 32. — Human ovum, mature and greatly magnified. 
(After Hackel). 




Fig. 33.— Staces in the formalion of the polar bodies in ihe OMim 
of a star fish. (Afler Heriwig). gv .germioa! vesicle transformed 
into a spindle shaped system of fibres; pi, the first polar body 
becoming eilruded;/../,. both polar bod'CS full/eitriided; //»., 
female pronucleus, or residue of the germinal vesicle. 
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Fig. 34. — Fertilization of the ovum of an echinoderm. 
Quoin's Anatomy, after Seienka), S, spermatozoon; m pi 
pronucleus; /"/., female pronucleus. I to 4 correspond to 
in the neM figure. 




Fig, 33. — Fertilization of the ovum ot a siarfish, (From the 
EncycL Brit, after Fol.) A, spermatozoa in the mucilaginous 

ovum towards a spermatozoon; B, they have almo-it met; C. ihey 
have met; D, the spermatozoon enters the ovum through a distinct 
opening; H. the entire ovum, shoviring extruded polar bodies on 
its upper surface, and the moving together of the mile and female 
pronuclei ; E, F, G, meeting and coalescence of the pronuclei. 




Fig. 36. — Karvottlnesis of a typical tissue-cell (epllhelium of Sala- 
mander), (After Flemming and Klein). The series from A to 1 
represents the successive stages in the movement of the chromatin 
fibres during division, excepting G which represents the "nucleus- 
spindle" of an egg-ce!!. A. resting nucleus; D, wrealh.form; E. 
single star, the loops of the wreath being broken; separation of 
the star into two groups of U-shaped fibres ; H. diaster or double 
star; I, completion of the cell-division and formation of two resting 
nuclei. In G the chromatin fibres are marked a. and correspond 
to the "equatorial plate"; h. achromatin fibres forming the nucleus 
spindle; 1-, granules of the cell -protoplasm forming a 'polar star." 
Such a polar star Is seen at each end of the nucleus spindle, and is 
not to be confused wiih the diaster H, the two ends of which are 
composed of chromatin. 
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Flc 37- — Study of successive changes taking place in the nucleus of an epith«l- 
ium.cell, preparatory [o division of the cell. (From Quoin's Anatomy, after 
Flemniing). a. resting cell, showing the nuclear network; h, first stage of 
division, the chromatoplasm transformed into a skein of closely contorted 
filaments; c to/, further stages in the growth and looping arrangement of 
the filaments; g, stellate phase, or aster; h, complelion of the splitting of the 
filaments, already begun inland g; i,j, i. successive stages in separation 
of the filaraenis into two groups; /, the final result of this (diaster); m to q, 
stages in the division of the whole cell into two, showing increasing contor- 
tion of the filaments, until they reach Ibe resting stage at g. 




110. Theakelnsai 

each with a cei:tra1 particle united with a snial. 

fibres, have made their appearance in the gene 
close to the mutually approaching pronuclei. The male 

111. Only th? femafe pra^nueleus ia%ho»i?f in"lhls fi2SS^.°T 
Iracted and thicken 



onnected with it 



Ride of 1 
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iripherybya cone ol fibres form 

atiin of two U or V-shaped chroma 
are now quite distinct; the male: 





splittinif loninludinally: their structure 
^parent In VII.. u.hlch is more highly 



VI,, VII. The V-shaped filan 

oi fine gtanules q1 chroma . 

magnified. The conjugation of the proi 

Vir The attraction-spheres and achromuiK: sijiiiuic, Aiiiiuugii picMciii, arc 

not depicted in IV„ V„ VI., and VII. 

VIII. Equatorial atrugenienl of the four chromatin loops in the middle of 
the now segmenting ovum; the achromatic substance foimlng a spindle- 
shaped system of e™nules with fibres radiating from the poles of the 
spindle (altracliou-spheres) ; the chromatin forms an equatorial plate. 
(Compare Fig, 3^ G.) 

IX. Shows diagram matically the commencii^ separation of the chromatin 
fibres of the conjugated nuclei, and the system of fibres radiating from the 
attraction spheres. (Compare again Fig. 36 G.) p.c, polar circle; e.s„ 

X. Further separation of the chromatin filaments. Each of the central 
particles of the attraction-spheres has divided into tvm. 

XI. The chro; 



aughler-nuclel. These are 



coming developed into the ski 
still united by fibres of ach; 



le original or parent sphere. II 



Via. 39. — SegroentalLon of ovur 
stages are marked by [he lelte 
slaj-es in advance of C. 




Kir, 41 .—Formation of the gaslrula of Amfhioxus. (After Kowa- 
levsky). A. wall uf the ovum, composed of a single laytr of cells; 
a, a stage in the process of gastrulation; C. completion of the 
process: S, original orsegmemation cavity of ovum; a/, alimentary 
cavity of gastrnla; id. outer layer of cells; ml, inner layer of cells; 
i, orifice, constituting the mouth in permanent forms. 




Fig. 41 — Gasmilalinn A. Gastrura of a Zoophyle (Ganrephyiema). 
(After Hacltel). B. Ua^lnila of a Worm (Sagill.x). (After Kowa- 
levsky). C, Gasiriila of an Echinoderm (Uraslsr). (Afier A. 
Agassiz), D. Gastrula of an Arthropod {NaupHus). (After 
Hacltel). E, Gastrula of a MoUusk (Limnmui). (After Rabl). 
F, Gastrula of a Vertebrate {Amfhiexus). (After Kowalevsky). 
In all, d, indicates the intestinal cavity; o, the primitive mouth; 
J. the cleavage cavity; i, the endoderm, or intestinal lajer; e, the 
ectoderm or skin -layer. 



Fig. 43.— Gastriila of a Chalk Spjpge. (After Hackel). A, Eilernal 
view. B, Longitudinal section, g, digestive cavities; o, mouth; 
I, endoderm; e, ectodenn. 



FlO. 44. — Prophysema priniordiale, an extant gastrica form. (After 
HitckeJ) (A). External view of the whole animal, attached by its 
foot to seaweed. (B.) Longitudinal section of the same. The 
digestive cavity (J) opens al its upper end in the mouth (m). 
Among the cells of the endoderm (g) lie amtebord eg^cells of 
large size (''). The ectoderm (A) is encrusted with grains of sand, 
above the sponge spicules. 



Fig 45 — Ideal primitive vertebrate, seen from the left side. (After 
Hackel). na. nose; au, eye; g, ear; md. mouth; 6s, gill openings; 
X, notoctiord; mr, spinal tube; ig. gill-vessels; k, gill-inlestine; 
&2, heart; ms, muscles; ma, itomach; v, intestinal vein; c, body- 
cavity: a, aorta; /, liver; </, small intestine; e, ovary; h, testes; 
n, kidney.canal; a/, anus; Ih. true or leather-skin; oA, outer-skin; 
(epidermis); f, skin-fold, acting as a fin. 
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btated animals belo« the Mauimalii. (After Hackel.) 
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Fjo. 60.— Skull it Oreodon Culberh 




Frc. 64. Fig. 6s. 





Fig. 68. — Homocercal Tail, showing (A) external form and 
(B) internal structure. 



Fig. 69.— Heteracercal Tail, showing (A) exlemal fonn and 
(B) internal structure. 




Fig 70. — Verlebrated bm symmetrica] fin (diphycercal), showing 
(A) external form and (B) iatemal st 



Fig. 72. — Tail of modern Bird 
The numerals indicate the fore- 
shortened, enlarged, and con- 
Fir^yL—TaWotArcM^/fryx. solidattd joints; /, terminal 

A Indicates origin of simply. segment of (he vertebral col- 

jointed tail. 



; D, shafts of Feathers. 
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Fig. 78. — A, posterior limb of BabtanadoH discus. (After Marsh). 
F, thJefa-bone; I to VI. undifferentiated bones of the leg and foot. 
B, anterior limb of Chtlydra strpintina. (After Gegenbaur). U and 
R, bones of the fore-arm; I to V, fully differentiated bones of the 
hand, following those of (he wrist. 



Fig, 79.— Paddle of a Whale. 
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Equus : Qua- 
ternary and 
Recent. 



Pliohippus : 
Pliocene. 



Protohippus : 
Lower Plio- 
cene. 



Miohippus : 
Miocene. 



Mcsohippus : 
Lower Mio- 



cene. 



Orohippus : 
Eocene. 
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Fig 83. — Feet and teeth in fossil pedigree of the Horse. (After 
Marsh), a, bones of the fore foot; b, bones of ihe hind foot; c^ 
radius and ulna; d, tibia and fibula; e^ roots of a tooth; /"and^, 
crowns of upper and lower molar teeth. 
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Kii;. 84 —Pnlaolh/rium. (Lower Tertiaiy of Paris Basin) 



Fig. ?,^.—I/ipparwit. (New World Flioi 




Bird, a Mammal, .nd/Mnn. Id'^c 
aJamin; «■, olfaitory lobM. The scr 
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Fig. 87. — Ideal section through all the above stages. (After LeConte). 
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Fig. 88. — Skulls of — A, Canadian Stag; B, Ccrvalces Ameriranii^; 

and C, Elk. (After Ileilprin). 
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Fig. 89. — Transmutations of Planorbis. (After Hyatt). 
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Fig, 93. -Foivls. Drawn Irinii lift (priie sptdniens). 
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d bn?cd. Drawn from ^^liiffcd spc^ciniei 



Fin. q6.— Canaries. Drawn from lite (prii 



— Tbr Hairl.-'M Dog of Japan, inal. siir. Dra»n from a phuniKiaph, 



DEEni^OUND '^ 

Fig. rtH.— The skull of a Bull-dog compared with ihat of a Deerhound. I)ra' 



Fig. 104. -Horses. D.awn from li(c (ptijc spoci.iions). 
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FlO' 107.— Wild Boar cotiLrasltd with a modern Domesticated Pip. 

Drawn from life {ZooUgicnl Cariiim, and priie specimen). i 



Fig. io8. — Seasonal changes of colour in I'tarmigan {Lag 
mulus). Drawn from stuRed specimens in tlie British Musi 
^ nat. size, witli appropriate surroundings supplied. 



Fro. lOQ.^ffiiAVjjcmHj cu^iViii;,', showing the insliiictive attitude of 
concealment. Drawn from a stuffed specimen iti the British 
Museum, J tiat. size, with appropriate surroundings supplied. 



. Drawn fiom nature (E. Coll. 



iiila) when undisturbed; 



"rifying altitude after 
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'DiflDEfip 



fjf/lti/i!^ 



St pair fi (K. Coll. Surg. Mm.) 
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Vesp" Vulcap.s. 





Fir.. 114. —'I'lvo fiirrher cases of mimiciy; Hits resembling a wasp in 
the one anil n liee in the oilier. Drjwn from nature: nal. size 
{A\ Coll. Sur^'. Mils.) 



— Feather footed pigeon. Drawn from n 



Fig, ii8. — Raia radiala, rrpresenting the life siie of Ihe youngest 
individual in whicli muscle fibres have been found developing in'o 
electric Cells. 



Fig. 119 —Electric organ of the Skale. The left-hand diawina M) represents 

skate, which rarely exceeds ;o centms. in Tenet h; but in the large K. dalis, the 

nay exceed two [eet in length. The ether drawings represent single muscle- 

nores in successive stages of transition. In the first of the series (HI the motor plate. 

other three specltnens, the fibre beCQiiies mare and iiioie clab-lfkc. aDd eventually 

may be seen in the last of the series (V|. where the shallow cui; is seen in partial 

nener(onlyVfewo?whkh are%ep*eMmed' in''the>sl''drawmg"\he thlc^ walUof 



F[G, 120.— Electric celii of A'am radiat 
ft represents one of the clubs magnified, j 
t. The drawing on the right represents 
is highly magnified, in silti. 
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Fig. 122.— Couriship of Spiders. A f 
attitudes adopted by different specie: 
their females, (.\fter Pecfcliam), 



Fig, 123. — Ccurtihip of Spiders. Continued from Hj, 132, similarly 
sho« ing some of ihe atliludes of approach adopted by mal:s of yel 
other different species. (After IVckham), 
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Fm. 124. — The Belt-bird (Ciasmorhynehus nivtu^, i natural size). 
Drawn from nature (R. Coll. Surg. Mus.) In the drawing ot the 
adult male the ornamental appendage Is represented in its inflated 
condition, during courtship: In the drawing of the yoang male it is 
shown in its Qaccid condition. 



o. 125. — C. tricaraa^ti/iilH!, J nalur; 
The ornamental appendages of the m 
inflated condition. 
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